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New physics beyond the Standard Model can lead to extra matter effects on 
neutrino oscillation if the new interactions distinguish among the three flavors 
of neutrino. In Ref. 1, we argued that a long-baseline neutrino oscillation ex- 
periment in which the Fermilab-NUMI beam in its high-energy mode 2 is aimed 
at the planned Hyper-Kamiokande detector 3 would be capable of constraining 
the size of those extra matter effects, provided the vacuum value of sin 2 2023 
is not too close to one. In this talk, we discuss how such a constraint would 
translate into limits on the coupling constants and masses of new particles in 
models such as topcolor assisted technicolor. 4 



1. Introduction 

When considering matter effects on neutrino oscillation, it is customary to 
consider only the VF-exchange interaction of the i/ e with the electrons in 
matter. However, if new interactions beyond the Standard Model (SM) that 
distinguish among the three generations of neutrinos exist, they can lead 
to extra matter effects via radiative corrections to the Zvv vertex which 
effectively violate neutral current universality, or via the direct exchange of 
new particles between the neutrinos and matter particles. 

For instance, topcolor assisted technicolor 4 treats the third generation 
differently from the first two and the Z 1 in this class of models couples 
more strongly to the v r than to the v e or v^. In Extended Technicolor 
(ETC) Models, such as that of Appelquist, Piai, and Shrock, 5 the neutral 
technimesons, which mix with the Z, couple to different generation fermions 
differently, distinguishing among v e , v^, and v r . The diagonal ETC gauge 
bosons also couple to the different generations differently, as well as the 
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large variety of leptoquark states in the model. Flavor distinguishing matter 
effects from diagonal ETC and leptoquarks are induced by ETC gauge 
boson mixing. 

The effective Hamiltonian that governs neutrino oscillations in the pres- 
ence of neutral-current lepton universality violation, or new physics that 
couples to the different generations differently is given by 1 
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where U is the MNS matrix, 



a = 2EV CC , V CC = V2G F N e = N e 



4M 2 , 



(2) 



is the usual matter effect due to PF-exchange between v e and the electrons, 
and b e , & M , b T are the extra matter effects which we assume to be non-equal. 
We define the parameter £ as 

b T - b u 



(3) 



Then, the effective Hamiltonian can be rewritten as 
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(4) 



where we have absorbed the extra 6-terms in the (1, 1) element into a. 

The extra ^-dependent contribution in Eq. (4) can manifest itself when 
a > l^m^l (i.e. E > lOGeV for typical matter densities in the Earth) in 
the Up and survival probabilities as 1 
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(6) 



and the CP violating phase S has been set to zero. As is evident from 
these expressions, the small shift due to £ will be invisible if the value of 
sin 2 2#23 is too close to one. However, if the value of sin 2 2# 23 is as low 



February 1, 2008 1:37 



WSPC - Proceedings Trim Size: 9in x 6in SCGT06-takeuchi 



3 



as sin 2 2^23 = 0.92 (the current 90% lower bound), and if £ is as large 
as £ = 0.025 (the central value of from CHARM/CHARM II 6 ), then the 
shift in the survival probability at the first oscillation dip can be as large as 
<~ 40%. If the Fermilab-NUMI beam in its high-energy mode 2 were aimed at 
a declination angle of 46° toward the planned Hyper-Kamiokande detector 3 
in Kamioka, Japan (baseline 9120 km), such a shift would be visible after 
just one year of data taking, assuming a Mega-ton fiducial volume and 
100% efficiency. The absence of any shift after 5 years of data taking would 
constrain £ to 1 



at the 99% confidence level. 

In the following, we look at how this potential limit on £ would translate 
into constraints on the Z 1 in topcolor assisted technicolor, and various types 
of leptoquarks. A more comprehensive analysis will be presented in Rcf. 7. 

2. Topcolor Assisted Technicolor 

Though there are several different versions of topcolor assisted technicolor, 4 
we consider here the simplest in which the quarks and leptons transform 
under the gauge group 



with coupling constants gz s , g^ w , gi Sl g\ w , and g, respectively. It is assumed 
that g^s 3> gsw and 9is 3> giw SU(2)l is the usual weak-isospin gauge 
group of the SM. The first and second generation fermions are assumed to 
be charged only under SU(3) W x SU(2)l~xU(1) w , while the third generation 
fermions are assumed to be charged only under SU(3) S x SU(2)l x U(1) s . 
The 17(1) charges for both cases are set equal to the SM hypercharge. At 
scale A ~ 1 TeV, technicolor, which is included in the model to generate the 
W and Z masses, is assumed to become strong and generate a condensate 
(of something which is left unspecified) which breaks the two 517(3) 's and 
the two 17(l)'s to their diagonal subgroups: 



SU(3) S x SU(3) W - 517(3) c , 17(1), x 17(1)™ -» U(1) Y , (9) 



which we identify with the usual SM color and hypercharge groups. The 
massless unbroken U(l) gauge boson and the massive broken U(l) gauge 
boson Z'^ are related to the original U(l) s x U(l) w gauge fields Y sfl and 



If I < fo = 0.005 



(7) 



SU{3) S x SU(3) W x U(l) s x U{l) w x SU{2) L 
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Y Wi i by 
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B„ = Y sfJt sin 6>i + Y wfJt cos 6» a (10) 

where 

tan ^ = iuv (n) 
The currents to which the and Z'^ couple to are: 

9uJ^Y aii +gi w J^Y wll = g' (cot ft J& - tan ft JfJ ^+.9' (J& + JfJ B M , 

(12) 

where 

1 1 1 

^ = 7T + ^- (13) 

The current Jy = Jf s + J^ w is the SM hypercharge current, and g' is the 
SM hypercharge coupling constant. 

The exchange of the Z' leads to the current-current interaction 

g 12 

2M 2 ( cot()lJls ~ tan ftft«0 (cotftJi s - tanftJi w ) , (14) 

the J\ s J\ a part of which does not contribute to neutrino oscillations on the 
Earth, while the J\ W J\ W part is suppressed relative to the Ji w J\ 8 part by 
a factor of tan 2 ft <C 1. Therefore, we only need to consider the J\ S J\ W 
interaction which only affects the propagation of v T . The effective potential 
felt by v T due to this interaction is 7 
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The limit |£tt| < Co = 0.005 then translates into: 



V CC ~ 2 ( 5 /M w ) 2 ~ 2 ^ Mf, ~ 2 ^ Ml, 



M Z / > M z J Sm J w ks 440 GeV . (17) 
V 2 & 

Unfortunately, this potential limit from the measurement of £ is weaker 
than what is already available from precision electroweak data, 8 and from 
direct searches for pp — > Z' — > t + t~ at CDF. 9,10 
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3. Generation Non-diagonal Leptoquarks 



The interactions of leptoquarks with ordinary matter can be described in 
a model-independent fashion by an effective low-energy Lagrangian as dis- 
cussed in Rcf. 11. Assuming the fermionic content of the SM, the most gen- 
eral dimcnsionless SU(3)c x SU(2)l x U(1)y invariant couplings of scalar 
and vector leptoquarks satisfying baryon and lepton number conservation 
are given by: 



C = C F=2 +C 
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Here, the scalar and vector leptoquark fields are denoted by S and V, their 
subscripts indicating the dimension of their SU(2) L representation, and the 
superscripts indicating the sign of the weak-isospin of each component. We 
allow for generation non-diagonal couplings with the indices i and j indicat- 
ing the quark and lepton generation numbers, respectively. The subscript L 
or R on the coupling constants indicate the chirality of the lepton involved 
in the interaction. For simplicity, color indices have been suppressed. The 
leptoquarks Si, S3, V2, Vi carry fermion number F = 3B + L = —2, while 
the leptoquarks S2, §2, Vi, V3 have F = 0. The interactions that affect neu- 
trino oscillation are those with (ij) = (12) or (13). 
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Tabic 1. Constraints on the lcptoquark couplings with all the leptoquark 
masses set to 300 GeV. To obtain the bounds for a different leptoquark mass 
Mlq, simply rescale these numbers with the factor (M^q/300 GeV) 2 . 
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It is straightforward to calculate the effective potentials due to the ex- 
change of these leptoquarks, as well as the effective values of £. 7 Assuming a 
common mass for leptoquarks in the same SU(2)l weak-isospin multiplet, 
the effective £ due to the exchange of any particular type of leptoquark can 
be written in the form 



S,lq = C L q 
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(21) 



g 2 /M^ aV2G f 

Here, Clq is a constant prefactor, and SX L q represents 

*Ai Q HAi 2 Q | 2 HAi 3 Q | 2 , 

where X 1 [q is a generic coupling constant. The values of Clq and 6X l q 
for the different types of leptoquark are listed in Table 1. The constraint 
|£lq| < Co translates into: 
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Alternatively, one can fix the leptoquark mass and obtain upper bounds on 
the leptoquark couplings: 

|{Aial ,(i^) M2a ,-(^y. m 

The values when Mlq — 300 GeV are listed in the rightmost column of 
Table 1. Thought it is often stated that generation non-diagonal couplings 
of leptoquarks are strongly constrained by the absence of flavor chang- 
ing neutral currents, it is only the products of the (ij) = (12) and (13) 
couplings with other couplings that are constrained. 12 The limits on the 
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individual couplings can be improved considerably. The current leptoquark 
mass bounds from direct searches at the Tevatron, LEP, and HERA are in 
the 200^300 GeV range assuming generation diagonal couplings set equal 
to y/Awa. At the LHC, leptoquarks, if they exist, can be expected to be 
pair-produced copiously through gluon-gluon fusion. The expected sensi- 
tivity is up to about 1.5 TeV. 13 Depending on the value assumed for S\ 2 L q, 
the bound from Eq. (23) can be competitive. 
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